TENT SPECIFICATI 



NO DRAWINGS 




1,107,220 



Date of Application and filing Complete Specification 14 July, 1965. 
No. 29843/65. 

Application made in Germany (No. F434S2 IVbf 1 2q) on 16 July, 1964. 
Application made in Germany (No. F44979 IVbfl2q) on 16 Jan., 1965. 
Application made in Germany (No. F462I5 IVb/l2q) on 2 June, 1965. 
Application made in Germany (No. F46383 IVd/l2p) on 19 June 1965. 
Complete Specification Published: 27 March, 1968. 
© Crown Copyright 1 968-. 



Index at acceptance: —CI C(P1L1, P3B18A, P3B18C, P3B19C, P3B19E, P6) 
Int. Q.:— C 07 d 105/02 

COMPLETE SPECIFICATION 

2-Chloro-4H-l,3,2-Dioxaphosphorin-4-Ones and Process far 

Preparing them 
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We, Farbwerke Hoechst, Akteengesell- 
SGHAFTj vormals Meister Lucius & Brundng, 
a Company recognised' by German Law, of 
6230 Frankfurt (M)-Hoechst, Germany, do 
hereby declare the invention, for which we 
pray that a- patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in -and by the fol- 
lowing statement: — 

The present invention provides 2-chloro-4 
H- 1 ,3 , 2- dioxaphosphoria-4 -ones and a pro- 
cess for preparing them; it especially provides 
compounds of the general formula 



I 



(1) 

do which R represents a fused homocyclic or 
heterocyclic ring system. 

It has beeni found that the above-mentioned 
2 - chloro - 4H - 1,3,2 - dioxaphosphorin - 4 
ones of formula (1) can be prepared! by react- 
ing at an elevated temperature 1 mol of a 
compound of the general formula 

ox* 



coox 



(2) 



an which R has the meaning given above and 
X represents a hydrogen or alkali metal atom, 
with at least 1 mol of phosphorus trichloride. 

When using compounds -of formula (2) in 
the form of free aoids the process of the pre- 

[Price 4s. 6<f/j 



sent invention can be carried out by mixing 
1 mol of an homocyclic or heterocyclic &- 
hydroxycarboxyiic acid with a molar excess 
of phosphorus trichloride and heating to tem- 
peratures above 50° C, advantageously Co 75° 
— 80° C, during which process compounds of 
formula (1) are formed while 2 mols of hydro- 
gen chloride are split off. These compounds 
can be isolated! by distillation or filtration! 
after removal of the excess of phosphorus tri- 
chloride. 

.The process 1 of the present invention can 
advantageously be carried out in the presence 
of an inert organic solvent or diluent, for ex- 
ample benzene, toluene, cMorobenzene, ben- 
zine or dioxane. When operating in this 
manner the o-hydroxycarboxylic acid is heated 
together with the calculated quantity or an 
excess of phosphorus trichloride in one of the 
above-mentioned solvents or diluents to a 
temperature above 50° C, preferably within 
the range of from 75° — 100° C and the reac- 
tion product is isolated by distillation or 
filtration after the evolution of gas has ceased. 
When using as a compound of •formula (2) an 
alkali metal salt of an ^hydroxycarboxyiic 
acid the reaction starts with a positive heat 
effect even below 50° C, for example, art 25° 
— 35° C, and is completed by heating to 
approximately 75° — 110° C. It is also pos- 
sible to effect the reaction even at higher tem- 
peratures or under elevated pressure. When 
using according to the present invention as 
starting material a dialkali metal -salt of an 
tf-hydroxycarboxylic acid, no hydrogen 
chloride is evolved during the reaction, where- 
as when using a monoalkali metal salt 1 mol 
of hydrogen chloride per mol of alkali metal 
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salt is formed. Ia this method the reaction 
product, depending on the solvent, usually 
dissolves with simultaneous separation of the 
alkali metal chloride. The alkali metal 

5 chloride can be separated by filtration after 
the reaction has ceased. The reaction product 
is then obtained in its pure form from the 
filtrate, for example, by distillation. In the 
majority of cases it is not necessary to isolate 

10 the compounds of formula (1) obtainable 
according to the process of the present inven- 
tion. Thus these compounds can be used for 
further reactions immediately after their pre- 
paration without being separated from the 

15 solvent or diluent in which they were pre- 
pared and even, in some cases without being 
separated from the alkali metal chloride, 
which forms, simultaneously, during their pre- 
paration. The process is suitable both for 

20 discontinuous and continuous methods of 
working. 

As starting compounds of formula (2) for 
the process of the present invention there are 
generally used aromatic or heterocyclic o- 

25 hydroxycarboxylic acids having at least 2 fused 
rings, for example, 2-hydroxynaphthalene-3- 
carboxylic acid and the substitution products 
thereof, for example, halogeno-, Q or Qs- 
alkyl- or Q or C*- alkoxy-2-hydroxynaph- 

30 thalene-3 -carboxylic acids, the ^hydroxy- 
carboxyHc acids of tetrahydronaphthalene, 
anthracene, phenanthrene, chrysene, fluorene, 
carbazole, benzocarbazole, diphenyleneoxide, 
diphenylenesulfide, benzacridone, benzotna- 

35 zole or quinoline. In the same manner there 
may be used mono- or dialkali metal salts 
of the above-mentioned compound series m 
the process of the present invention. The alkali 
metal salts of ^-hydroxycarboxylic acids can 

40 be prepared according to methods known- per 
se, for example, by reacting the a-hydroxy- 
carboxylic acids with the calculated amount 
•of an aqueous alkali metal hydroxide solution, 
during which process water is removed either 

45 by evaporation or by azeotropic distillation, 
for example, with toluene. It is preferred to 
use for this purpose sodium or potassium 
hydroxide or mixtures thereof on account of 
their reasonable prices. In the same manner 

50 there may also be used other alkali metal 
hydroxides or mixtures thereof. 

The 2 - chloro - 4H - 1,3,2 - dioxaphos - 
phorin-4-ones of formula (1) are compounds 
of very good reactivity which can be used in 

55 practice for various purposes. They can be 
used, for example, as flameproofing agents for 
textiles, and for the preparation of intermedi- 
ary dyestuff products, dyestuffs and insecti- 
cides. 

60 The following Examples illustrate the in- 
vention, the parts being by weight unless 
otherwise stated and the relationship of parts 
by weight to parts by volume being that of 
the kilogram to the litre. 



Example 1 65 
A mixture of 500 parts by volume of ben- 
zene, 94 parts of 2-hydroxynaphthalene-3 -car- 
boxylic acid and 80 parts of phosphorus tri- 
chloride is heated to the boiling while, star- - 
ring thoroughly. Soon a vigorous hydrogeri 70 
chloride evolution sets in and during the reac- 
tuns 2 - hydroxynaphmadene - 3 - carboxylic i- 
acid dissolves. After an approximately 90 
minutes boiling the evolution of hydrogen 
chloride ceases and the reaction is complete. 7!> 
At first benzene and the excess of phosphorus 
trichloride are distilled off and then the reac- 
tion product is distilled in vacuo. At tem- 
peratures from 158°— 159° C and * :5 mm 
Hg, 117 parts of 2-chloro-4H-naphdio-[2 3 3- 80 
d]-l 3 3,2-dioxophosphorin-4-on)e are obtained 
which solidify to form a colorless crystalline 
substance of a melting point of 126° — 128° C... - 

Example 2 

A mixture of 700 parts by volume of ben- 85 
zene, 109 parts of 6-metiioxy-2-hydVcxynaph- 
ithalene-3 -carboxylic acid and 80 parts of phos- 
phorus trichloride aire heated under reflux 
until the evolution of hydrogen chloride has 
ceased. Within approximately 1 hour the reac- 90 
tion is complete. After having removed the 
excess of phosphorus .trichloride and benzene, 
2 - chloro - 7 - methoxy - 4H - naphdio - 
[23-d]-13,2-dioxaphosphorin-4-one is dis- 
tilled in vacuo at temperatures of 198° — . 95 
200° C and at 3 mm Hg. The yield is 202 
parts. The compound obtained decomposes - 

at 245° C. ■ . , - 

In the analogous manner there can be ob- 
tained, while using 6-bromo-2-hydroxynaph- 100 
thalene-3 -carboxylic acid, 2-cMoro-7-bromo- 
4H - naphtha - [2,3 - d] - 1,3,2 - dioxaphos - - 
phorin-4-one. 

Example 3 

A reaction mixture of 500 parts by volume 105 
of toluene, 94 parts of 2-hydroxynaphthalene- 
3 -carboxylic acid and 70 parts of phosphorus 
trichloride is heated while stirring thoroughly. 
The hydrogen chloride evolution sets in at i 
80° C and intensifies when raising the tern- 110 
perature to 90° C. The .temperature of the 
mixture is maintained at 90° C for one hour. 
After this period hydrogen chloride evolution 
ceases and the reaction is complete. .The 
brownish yellow solution obtained contains 115 
the reaction product. It can be isolated accord- 
ing to the method of Example 7. For most 
kinds of use, however, the above-mentioned 
solution may be directly subjected to a sub- 
sequent treatment, since 2-cMoro-4H-naphfho- 120 
f23-d]-13,2-dioxaphosphorin-4-one as present 
in the solution in sufficient purity. 

Example 4 
A suspension prepared from 300 parts by 
volume of toluene and 1 94 parts of 2-hydroxy-' 125 
naphthaiene-3 -carboxylic acid is introduced- 
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into a reaction vessel by means of a dosing 
pump. Phosphorus trichloride is simultaneously 
dosed such that the quantities of phosphorus 
trichloride and 2-hydroxynaphthalene-3 -car- 

5 boxylic acid added correspond to a molecular 
proportion of 1.03 to 1.0 respectively. Dur- 
ing this process the reaction temperature is 
maintained at 97° C and! the hydrogen 
chloride formed is removed by way of a con- 

10 denser. The solution which contains the pro- 
duct of the process is poured off from the 
• reaction vessel through an overflow after an 
average time of stay of 2 hours. The solu- 
tion can be used directly for further reac- 

15 trans. It is also possible to distill toluene con- 
tinuously and to recycle it. The distillation 
residue, too, contains the reaction product an 
a purity sufficient for further reactions. 

Example 5 

20 A solution of 40 parts of sodium hydroxide 
in 40 parts by volume of water is added to a 
mixture of 1000 parts by volume of benzene 
and 188 parts of 2-hy droxynaphthaIene-3 - 
carboxyHc acid while stirring thoroughly. The 

25 water is subsequently removed by azeotropic 
distillation. The whole is then cooled to 25° 
C and while stirring 150 parts of phosphorus 
trichloride are added within a period of 60 
minutes. The temperature of the reaction mix- 

30 ture rises to 40° C and the mixture becomes 
more and more liquid The whole is then 
slowly heated' to boiling, the hydrogen 
chloride evolution setting in at temperatures 
above approximately 45° C. After boiling for 

35 approximately 90 minutes the reaction is com- 
plete. The sodium chloride formed' during 
this process is filtered with suction and washed 
with benzene. From the filtrate first benzene 
and the excess of phosphorus trichloride are 

40 distilled and then the reaction product is dis- 
tilled in vacuo at 166° C and at 4.5 mm Hg. 
288 Parts of 2-chloro-4HHnaphtho : [2,3-d]- 
13?2-aioxaphosphorin-4-one are obtained. 
When in the above example 1200 parts by 

45 volume of ligroin or perchloroethylene aTe 
used as solvent instead of 1000 parts by 
volume of benzene the reaction proceeds 
in a similar manner. When using ligroini, 2- 
chloro - 4H - naphtho - [2,3 - d] - 1,3,2 - 

50 dioxaphosphorin-4-one, however, dissolves 
only in part. 

In analogous manner there can be obtained 
2 - chloro - 7 - bromo - 4H - naphtho - 
[2,3 -d]- 1 3 ,2-dioxaphosphorLn-4-one when 

55 using 6 - bromo - 2 - hydroxynaphthalene - 
3-carboxylic acid, and 2-chloro~7-methoxy- 
4H - naphtho - [2,3 - d] - 1,3,2 - dioxaphos - 
phorin-4-one when using 6-methoxy-2- 
•hydroxynaphthalene-3-carboxylic acid. 

60 Example 6 

The disodium salt of 2-hydroxynaphthalene- 
3-carboxylic acid is prepared from 1000 parts 
by volume of toluene, 188 parts of 2-hydroxy- 



naphthalene-3 -carboxylic acM and an aqueous 
solution of 80 parts of sodium hydroxide in 65 
die manner described; in Example 5. The 
starting mixture is cooled to 35° C and within 
a period of approximately 60 minutes 150 
parts of phosphorus trichloride are added'. 
The temperature of the reaction rnixture 70 
rises to approximately 45° C On subsequent 
slow heating a further reaction sets in at tem- 
peratures above 50° — 55° Q the temperature 
rises up to about 70° C. Stirring is then con- 
tinued for one hour at 90° — 95° C and the 75 
excess of phosphorus trichloride is sub- 
sequently distilled off. The remaining reac- 
tion mixture can be directly used for further 
reactions or worked up by filtration and: dis- 
tillation according to Example 5. The yield is 80 
235 parts of 2-chloro-4H-naphtho^[2,3 -d]- 
l,3,2-dioxaphosphorin-4-one. 

When in the above example a part of 
sodium hydroxide is replaced by the equiva- 
lent quantity of potassium hydroxide the reac- 85 
ti on proceeds in a similar manner. 

Example 7 
According to Example 5 a suspension of the 
potassium salt of 2-hydroxynaphthalene-3 -car- 
boxylic acid in xylene is prepared from 1200 90 
parts by volume of xylene, 188 parts of 2- 
hydroxynaphthalene-3 -carboxyHc acid and an 
aqueous solution of 56 parts of potassium 
hydroxide by means of azeotropic separation 
of water. Within approximately 15 minutes 95 
150 parts of phosphorus trichloride are added 
at temperatures within 30° — 35° C and! the 
reaction mixture is subsequently Heated. At a 
temperature of about 75° C the evolution of 
hydrogen chloride sets in. The whole is heated 100 
for about 90 minutes to 95° — 105° C and the 
excess of phosphorus trichloride is distilled: 
off. The remaining reaction mixture can- be 
directly used for further reactions. It is also 
possible to work it up according to Example 105 
5 by separating the potassium chloride by 
filtration and subsequently distilling off. The 
same result is obtained when using instead! 
of xylene chlorobenzene. 

Example 8 110 
A suspension of 105 parts of the sodium 1 
salt of 2 - hydroxynaphthalene - 3 - car - 
boxylic acid in 300 parts by volume of toluene 
is prepared and introduced into a reaction! 
vessel by way of a: dosing pump. Phosphorus 115 
trichloride is simultaneously dosed in such ai 
manner that the quantity added of phosphorus 
trichloride and the sodium salt of 2-hydroxy- 
naphthalene-3-carboxylic acid correspond to 
the molecular proportion of 1.03 : 1.0 respec- 125 
tively. During this process the reaction: tem- 
perature is maintained at 100° C and hydro- 
gen chloride formed is removed by way of 
a condenser. The solution containing the pro- 
duct of the process as well as sodium chloride 120 
leaves the reaction vessel after an average 
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time of stay of 40 minutes and may be directly 
used for further reactions. 

Example 9 
A mixture of 400 parts by volume or 
toliene, 126 parts ^^ff^d 
rarboxvlic arid (content of purity W M 
4^ pX by volume of phosphorus tnchJonde 
t heSfd to 100° C and treated at to tern- 
oerawre until the evolution of hyd*^ 
h^s ceased. The solution is sucked 
^^Fh «r from the undissolved substance, the 
fita£? is Sedtith ice water, the precipitate 

Sed Ruction -^y-Siffi 
p^oleum ethCT 119 Partj J_ ^ . 

{fiS^ obSned which correspond 
to the formula 

\ 



l 



X 



10 



15 




are obtained ia form of pale yellow c^ysGds 
rfaS point of 195° C (decomposition). 

Example 12 
A mixture of 1000 par© by volume of 
chlOTobenzene, 68.2 parts of 5>hydrosy-l,l , 
fi^Scarbazole^-carbaxyEc aad and 25 
ScTST volume of phosphorus 
Ky heated to 130° C. After ^out2h^s 



55 



60 



65 



and which have a melting point of 176° 
20 178° C (decomposition). 

Example 10 
A mixture of 800 parts by volume at 
toluene?^ parts of 5,6,7,8^^0-2- 
: h tSnaphthSene-3-carbc«yhc aad and 50 
25 Sm by volume of phosphorus trichloride is 

^tolr.^eT^ mluene is^ed 
Xtnd subsequently the reacuon product is 

2 - chloro - 4H - 6,7,8,9 - tetrahyro - 
Lph^u [2,3 - d] - 1,3,2 - dioxaphosphorm - 
4-one of the formula 




35 



I 



are obtained in form of a otata viscous 
oil having a refractive index of n D 

Example 11 , 
3-carboxyHc aad and 32 pars c 

50 iliS2Si£W2rtri%-S 



and of a meWng point of 257°— 259° c 
(decomposition) is obtamecL 

Example 13 

the solution is , imxrf ^* l££imL 

recrystattsed from toluene. 115 FWs by 

vumme of 2 - chloro ^J""*™^ 1 fL 

d>M,2-d ioxa P has P hori,1 " 4 " Cme 
mute 



70- 



75 



80 



85 



<7 



ftW - npf » i n . farm of yellow crystals of a. 

« m°-m° C (decompos, 

tion) - Example 14 , _ , 

A suspension of <me sodium salt of 2- 



90 
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10 



15 



of 14.2 parts of sodium hydroxide in a small 
quantity of water an 1000 parts by volume 
of chlorobenzene by azeotropic distillation of 
the water. After dehydration the suspension; 
is cooled to 80° Q 32 parts by volume of 
phosphorus .trichloride are added and the 
whole is heated. Hydrogen chloride separates 
during this process at approximately 100° C, 
the separation ceases at 125° C. The sodium 
chloride is subsequently separated from die 
chlorobenzene solution! by decantation- and 
washed with 500 parts by volume of hot 
chlorobenzene. The chlorob enzene s oJuitioD s 
are combined and cooled and 91 parts of 2- 
chtaro - 4H - carbazole - [2,3 - d] - 1,3,2 - 
cHxaphospharin-4-ooae of the formula 



20 



25 



30 



35 



40 



45 



50 



B 
O 

are. separated. By recrystallisation from 
chlorobenzene there are obtained pale yellow 
lamellae of a melting point of 197° — 200° C 
(decomposition). 

Example 15 
45 Parts of 5'-hydroxy-l,^2,2'-benzocar- 
bazole-4'-carboxylic acid and the solution of 
5.6 parts of sodium hydroxide in a small 
quantity are suspended an 1000 parts by 
volume of chlorobenzene. The mixture is 
heated to the boil and the water ds removed) 
by azeotropic distillation. After cooling to 
60° C 19 parts by volume of phosphorus tri- 
chloride are added. Then the whole is heated 
to 120 — 125° C until the hydrogen chloride 
evolution is complete. The solution is now 
separated by hot filtration from the sodium 
chloride formed, cooled and die precipitate is 
is filtered with suction. After xecrystaliisa- 
tion from chlorobenzene 24 parts of 2-chloro- 
4H - indolo - [3',2',7,8] - naphtho - {2,3 - d] - 
l,3,2-dioxaphraphorin-4-one of the formula 




and of a melting point of 250° — 253° C (de- 
composition) are obtained. By concmtrating 
die mother liquor and adding petroleum ether 
another 8 parts of the reaction product are 
obtained. 

Example 16 
A suspension of the sodium salt of 3- 
hydroxydiphenyleneoxid3e-2-carboxylic acidi is 
prepared from a mixture of 110 parts of 3- 
hycbx>xycliphenyleneoxid , e-2-caTc<>xylic add, 
800 parts by volume of toluene and a solution] 
of 20 parts of sodium hydroxide in a small} 



quantity of water by means of azeotropic dis- 
tillation of the water. The suspension is then 
cooled to 40° Q 46 parts by volume of phos- 55 
phorus trichloride are added and die whole 
as heated to the boil. During this proc e s s the 
hydrogen chloride evolution sets in at approxi- 
mately 80° C and ceases after about 30 
minutes. The solution is now filtered hot from 60 
the sodium chloride separated, cooled! and the 
preapkace is filtered with suction. By re- 
CTystallisation from toluene 64 parts of 2- 
chloro - 4H - cftbenzofurano - [3,2 - d] - 
l,3,2-dioxaphosphorin-4-one of the formula 65 

c° 
l 

c 

and of a melting point of 178°— 180° C (de- 
composition) are obtained. By concentrating 
the mother liquor and adding petroleum ether 
another 9 parts of the reaction product are 70 
obtained. 

WHAT WE CLAIM IS: — 
1. 2 - Oitoro - 4H - 1,3,2 - dioxaphos - 
phorin-4-ones of the general formula 




in which R represents a bivalent radical of a 
fused homocyclic or heterocyclic ring system. 

2. 2 - CMoro - 4H - 1,3,2 - dioxaphos - 
phorin-4-ones of the general formula 




on which R taken together with the fused! 
benzene nucleus represents a radical of the 
naphthalene series, which may be substituted! 
by a halogen atom, an alkyl group containing 
1 or 2 carbon atoms or an alkoxy group con- 
taining 1 or 2 carbon atoms, or a (radical of 
the tetrahyc^onaphthalene, anthracene!, phen- 
anthrene, chrysene, fluorene, carbazole, benzo- 
carbazole, diphenylene oxide, diphenylene sul- 
fide, benzaeridone, benzotriazole or quino- 
line series. 

3. A process for the manufacture of 2- 
chloro-4H- 1,3 ,2-dicocaphosphoTin-4-ones of the 
general formula 



75 



85 



90 



95 



(1) 
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in which R repress a bivalent rachad of a 
fused homocyclic or heterocychc nng sys 
tan, wherein 1 mol of a compound of the 
general formula 



10 



OK 



era ox 



(2) 

in which R is denned as above and X repre- 
^ols a hydrogen or alkali metal atom, is re- 
S «S at least 1 mol of phosphorus tri- 
chloride at an elevated temperature 

4. A process as claimed m claim 3, where- 
in a mixture of the alkali metal salts of the 
compound of the formula (2) is used 

5 A process as claimed in claim 3 or claim 
4, wherein the reaction is carried out in the 
presence of an inert organic solvent or diluent. 



6 A process as claimed in. any one ; of 
claims 3 to 5 wherein the reaction is earned 
out at a temperature above 50 C. - 

7 A process as claimed in any one of 
clakns 3 to 6, wherein The reaction » owned ■• 
ST* a temperature m the range of from 
75°C. to 110°C. •- . 

8 A process as claimed sn any one of 
claims 3 to 7, wherein me reaction is earned 
out in a continuous manner. 

9 A process for the manufacture ot i- 
cbloro - 4H - 1,3,2 - •*««?> ho ^*^,"J * h " 
ones as claimed in claim 1, <^f* ^ 
stantially as described an any one of «f. 
Examples herein. 

ABEL & IMRAY. 
Chartered Patent Agents, 
Quality House, Quality 
Chancery Lane, London, w.C.Z. 
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